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Introduction
In the photochemistry of polyenes wide variations in efficiency of rearrangement are encountered. Some dienes and trienes have disappearance quantum yields of about 0.01 [l -31 or less [4] . In contrast, quantum yields up to 0.7 are found for vitamin D isomers [ 5, 61, in cyclic dienes and trienes [7, 81 , and in the E-Z isomerization of rhodopsin to bathorhodopsin, the primary event in the photochemistry of vision, with a quantum yield of 0.67 [9] . With respect to their photochemistry the conjugated hexatrienes are probably the most thoroughly investigated polyenes [ 10 - The method presented here avoids the experimental problems associated with analyses at low conversion, facilitating accurate determination of the reaction rates.
Determination of quantum yields

Results
The quantum yields of the reactions of la have been derived using the known quantum yields of the reactions of its 2 isomer [ 131 and data from experiments in which the trienes were irreversibly converted for about 80% [4 3. The final distribution of the products and the pseudostationary E/Z ratio were the criteria used to judge the correctness of the parameters involved in the simulation.
Similarly we carried out simulations of the evolution of the composition of the reaction mixture in the 2,5-di-tert-butylhexatrienes/1,4-di-tertbutylcyclohexadiene system. In this case the 2 isomer 2b could not be obtained in a pure form: it invariably contained its thermal isomerization product 3b. Since the latter was easily purified and investigated spectroscopically, the UV absorption spectrum of the Z-triene could be obtained by deconvolution [ 131. Irradiations of mixtures containing mainly the Z-triene 2b and some cyclohexadiene 3b were carried out up to about 25% conversion. At this stage the photoequilibration between the two was virtually complete. The simulation of this reaction, using the separately determined quantum yields of isomerizations of the E-triene 1 b and of the ring opening of the cyclohexadiene 3b, allowed the simultaneous determination of the very small quantum yields of formation of the vinylcyclobutene 4b and allylcyclopropene 5b and the large quantum yield of formation of 3b from the Z-triene 2b.
The quantum yields determined are presented in Table 1 . 
Discussion
The principle of non-equilibration of excited rotamers (NEER) [11] allows us to identify the ground state conformations that are required for efficient production of certain products. The dramatic difference between the quantum yields for ring closure of the E-triene la and lb to vinylcyclobutenes 4 is readily explained in the context of the NEER principle: lb exists predominantly in the CEC conformation, while in the mixture of conformational isomers of la only small amounts of cisoid rotamers are present. One s-cis linkage is clearly required for the electrocyclic process. Similar considerations apply to the 6x electrocyclization of Z-trienes: Zb, obviously existing mainly in the cZc conformation [ 13, 141, is well suited for conversion to the cyclohexadiene 3b, while 2a, which exists predominantly as the cZt rotamer [ [ 231. It was concluded that only in-plane displacements are coupled to the electronic transition, showing that the vertically excited species deforms to a stable planar structure, close to the initially prepared state. In simple alkenes, however, there is a spontaneous twist in the S1 state [ 241. Recent calculations [25] support the qualitative notion that accommodation to the excitation by in-plane distortion (mainly changes in the bond lengths) is more facile as the chain length is increased.
Thus, planar hexatrienes such as la and the parent hexatrienes [2] remain planar in the 1 'B, excited state, and show surprisingly little photochemica1 reactivity. However, the lack of fluorescence [26] (all our attempts to observe fluorescence of 2,Gdialkylhexatrienes in hydrocarbon glasses at 77 K were unsuccessful) points to a rapid decay of the excited state. The large line width of the vibrational bands in the electronic absorption spectrum measured in a supersonic jet may be due to a very short lifetime of the Franck-Condon state 1223. From the observation of concentrationdependent behaviour in the photochemistry of 2,5_dialkylhexatrienes [4] and dienes [ 1 J it has been concluded that long-lived species are probably formed upon direct excitation. In view of the very low quantum yields of isomerization, intersystem crossing to the lowest triplet state, which is known to lead to relatively efficient E-Z interconversion, can be excluded.
We propose the following hypothetical explanation, which accounts for the observations mentioned above. Let us assume that the 2 'A, state is energetically below the 1 'B, state in all all-trans planar polyenes [ 27 -291, with an energy gap which decreases with decreasing chain length. Internal conversion from the initially prepared 1 'B, to the 2 'A, state could then become very rapid in hexatriene and even more so in butadiene [ 221, causing uncertainty broadening of the absorption bands. The 2 'A, species cannot rapidly decay by fluorescence because the radiative transition to the ground state is forbidden. If this conjecture is true a long-lived transient species should exist, detectable by absorption spectroscopy, probably at quite a long wavelength. To our knowledge no attempts to detect such a transient have been repor ted.
In contrast to la the non-planar lb has immediate access to out-ofplane motions, enabling more efficient photochemical reaction. Twisting of the central double bond (which, at an early stage, involves nothing more than a hydrogen out-of-plane motion [ 301) in the non-planar excited state is driven by the increased bond order of the formerly single bonds, The consequences of the availability of out-of-plane distortions are demonstrated nicely in the UV absorption spectra displayed in Fig. 3 .
The diffuse shape of the spectrum of lb is presumably caused by the activity of vibronic transitions corresponding to low-frequency modes. Model calculations of 1,3-butadiene [ 311 exemplify the relationship between the shape of the surface of the excited state and the appearance of the UV absorption spectrum.
The quantum yields of reaction of 1 b are greater by at least an order of magnitude than those of la. Still, the disappearance quantum yield of 1 'A,+1 'B, excitati on are mainly localized at the central bond, and will provide a driving force for twisting and for changes in bond lengths. In a (near-)planar geometry the initial gradient along the torsional coordinate is quite small compared with the gradients along the bond lengths. Thus, the system is pushed towards a metastable (near-)planar geometry and not towards the twisted minimum, even though the latter may represent a deeper well in the potential energy surface. The twisted minimum may well be inaccessible from the near-planar geometry. This concept, schematically depicted in Fig. 4, is corroborated by lb was prepared as follows. Treatment of acetylene-dimagnesium bromide (from ethylmagnesium bromide and ethyne) with 3,3-dimethylbutan-2-one afforded 2,2,3,6,7,7-hexamethyl-4-octyne-3,6-dial (melting point, 81 -82 "C --'H NMR 6 1.95, OH; 1.44, CHs; 1.06, t-Bu). This diol (2.9 g, 0.013 mol) was added in small portions to a magnetically stirred solution of LiAlH4 (1 g, 0.025 mol) in dry tetrahydrofuran (THF) (100 ml) as quickly as permitted by the foaming caused by hydrogen evolution. The flask was tightly stoppered. After stirring overnight the mixture was cautiously quenched by dropwise addition of a small amount of water, just enough to decompose the aluminate intermediate and to destroy the excess hydride. This left a clear THF solution and a crystalline precipitate. Filtration, washing of the residue with ether and evaporation of solvents under reduced pressure gave E-2,2,3,6,7,7-hexamethyl-4-octene-3,6-dial ('H NMR: 5.87, CH; 1.28, CH,; 0.98, t-Bu). For dehydration, three bulbs were fitted together and placed in a bulb-to-bulb distillation apparatus. The first contained the diol (2 g, 0.009 mol) and CuS04 (1.0 g), the second CuSO, (0.5 g) and the third a few crystals of hydroquinone.
Pressure was reduced to 12 mm and the first bulb heated gradually to 120 "C. When a distillate formed in the second bulb, this bulb was also moved into the heating compartment. When no more distillate formed in the collecting bulb the apparatus was cooled and dismantled. The organic distillate was carefully removed from the water that had co-distilled, with the aid of a small amount of n-pentane. Pure lb was obtained by filtration of the pentane solution over SiOa, and removal of the solvent. The product yield after reduction and dehydration was 61%.
For the fluorenone-sensitized isomerization, an argon-purged solution of fluorenone (0.25 g) and lb (0.25 g) in n-pentane (100 ml) was irradiated at 350 nm, using four Sylvania FST5 lamps, for about 10h. An equilibrium mixture containing about 90% 2b was obtained. After filtration of the solution over Si02 { 0.2 -0.5 mm) and evaporation of the solvent the residue was taken up in acetone (2 ml). and treated with a solution of 4-phenyl-1,2,4-triazoline-3,5dione
(about 10 mg) in acetone (1 ml). After concentration the solution was filtered over Si02 with pentane. Gas chromatography evinced the removal of lb. The thermal isomerization of 2b to 3b was accomplished by preparative gas chromatography (GC) (6 m 20% squalane on Chromosorb)
at 140 "C. The cyclohexadiene has a longer retention time than its isomers and was easily obtained in high purity (99.3%) (UV (cyclohexane) h,,, = 263 nm, E = 9000 1 mol-' cm-').
Quan turn yield measurements
Essentially monochromatic light at 254 nm was obtained from a Rayon& low pressure mercury lamp combined with a chlorine filter [33] . The samples, about 2.5 ml of 0.005 M solutions in spectroscopic grade cyclohexane (Merck), were stirred magnetically in a quartz cuvette of path length 1 cm. The photon flow was repeatedly measured using Actinochrome R 248/ 334 (from Photon Technology)
[ 341. It was typically 7 X 10mLo einsteins s-l on an area of about 1 cm'. GC analyses of the reaction mixture, on a 25 m Alltech RSL-150 column, could be carried out at 60 "C without measurable disturbance by the conversion of 2b to 3b. The retention time of 2b was about 11 min.
